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Introduction
In this paper Bockestein homomorphism is used to work out the generators and some basic relations of the integral cohomology ring H * (G, Z) of an abelian p-group G = Z p t 1 × Z p t 2 × · · · × Z p tr , aproduct of cyclic groups of orders powers of the prime p. An application is also given about the maximum possible rank for a p-group to act freely, preserving orientation, on (S n ) k , k ≥ 2, a product of k spheres of dimension n.
Preleminaries
Let 0 → Z p →Z j →Z p → 0 be a short exact sequence, where the first map p is defined by multiplication by the prime p and second map j is by taking modulo p. The Bockestein homomorphism ∆ :
is the connecting homomorphism . The following sequence is however exact:
j * is monomorphism . Therefore H * (G, Z) = ker δ = ker ∆. Observe that the composite ∆∆ = j * δj * δ = j * 0δ = 0.
Computations
, tensor product of polynomial and exterior algebras, where
, where deg v = 1, p t v = 0 and ∆v = v 2 [4] , Let G be a finite abelian p-group. Then G = Z p t 1 × Z p t 2 × · · ·× Z p tr , a product of cyclic groups of orders powers of the prime p. Without lost of generality, we can assume t 1 ≤ t 2 ≤ · · · ≤ t r . By Kunneth formula [3] we have 
The number of such generators is 
is generated by α where deg α = 2 and 
Application
W. Browder [2] proved that when n is odd and p a prime if (Z p ) r acts freely, preserving orientation, on (S n ) k with trivial action on the homology, then r ≤ k. This gives the limitation on the rank r when any finite group acts freely on (S n ) k . A different but simpler proof to this result is now introduced.
By [1, Proposition 1], the following sequence is exact
where m = (k − 1)n − k + 2. m is also odd. Observe that H n+1 (G, Z)| = |G||H m (G, Z)| and |G| = p r . From the structure of H * (G, Z) we have p r ≤ |H n+1 (G, Z)|, since n + 1 is even and H m (G, Z)| ≤ p k−r , since m = (n − 1)(k − 1) + 1 is odd and n − 1 is even. Then p r ≤ p r p k−r . Thus r ≤ k. The author thanks the referee for several useful comments.
